Background The World Health Organization recommends the elderly and persons with certain chronic diseases to receive an annual influenza vaccine and to be prioritized for immunization against pandemic influenza, because they are at greater risk for health complications. This paper aims to compare influenza vaccination coverage between adults in China with and without high-risk health conditions. Methods Data were from the cross-sectional China General Social Survey, 2010. Adults were interviewed about their health, including whether they had been vaccinated against either seasonal or pandemic influenza within the past year. A multivariable logistic regression model estimated the adjusted odds of any influenza vaccination in high-risk groups compared with low-risk groups.
Introduction
Influenza is a common viral disease that may lead to serious, and life-threatening, complications like pneumonia. 1 In China, annual influenza-associated mortality ranges from 11.3 deaths per 100 000 persons in the subtropical south to 18.0 deaths per 100 000 persons in the temperate north; 2 in comparison, influenza mortality in the USA is estimated at 9.9 deaths per 100 000 persons. 3 The risk of complications and death can be higher for novel influenza strains, although the 2009 pandemic influenza A/H1N1 strain had mortality rates similar to typical influenza A/H3N2 seasons from 1979 to 2001. 4 The elderly and those with pre-existing chronic pulmonary, cardiovascular or metabolic diseases are at higher risk for influenza-related complications. 1, 5 The World Health Organization, 6 the Chinese Centers for Disease Control and Prevention (CDC) 7 and the US Advisory Committee on Immunization Practices 8 recommend that these individuals be targeted for receipt of an annual influenza vaccine.
In China, the seasonal influenza vaccine is not subsidized by the national immunization programme, 9 although local governments may cover the cost for certain groups, like the elderly. The 2009 pandemic influenza vaccine was offered free for some groups, but manufacturers produced only enough vaccine to target ,10% of the Chinese population.
concerned enough with the threat of influenza infection to request vaccination. 11 This paper compares influenza vaccination coverage between adults in China with and without high-risk health conditions and assesses whether healthcare attitudes and behaviours impact the likelihood of receiving influenza vaccination.
Methods
Data were from the cross-sectional China General Social Survey, which consisted of face-to-face interviews with adults 18 years of age in all province-level administrative units of mainland China in 2010 using a three-stage probability-proportionate-to-size sampling strategy.
The participants were asked about their health, including whether they had received any influenza vaccine during the last 12 months; the survey did not distinguish between seasonal and pandemic influenza vaccination. Respondents were asked whether they have had any chronic disease or long-standing health problem. If they had diabetes mellitus, heart disease or respiratory problems, they were categorized as having a highrisk health condition. The age variable was trichotomized into those 60 years of age and older, those between 40 and 59 years of age and those between 18 and 39 years of age.
Three variables measured healthcare attitudes and behaviours. Participants were asked, 'During the last 3 years, did you have any health checkup?' Participants could respond that they had regular health checkups, that they had at least one health checkup or that they had not had a health checkup in the past 3 years. In response to the question, 'How much do you worry about being unable to pay the cost when you or someone in your family gets a serious illness or condition?', the participant could answer on a 4-point Likert scale from 'very much worried' to 'not at all worried'. Similarly, the question 'How much were you concerned about the new strain of influenza among people in 2009?' was answered with a 4-point Likert scale.
Respondents' highest level of education was used, except that receipt of any post-secondary degree was collapsed into one category: college and above. Occupation was derived from two questions: participants were first asked if they worked, and if they did work, their job was grouped according to the International Standard Classification of Occupations (ISCO-88). ISCO-88 codes 6000-6999 were classified as agricultural work. All other codes were classified as non-agricultural work. Participant selfassessment of urbanicity was collapsed into three categories: respondents describing their locale as a 'big city' or the 'suburbs of a big city' were considered to live in a 'big city'; respondents living in a town or small city were marked as living in a 'town' and 'country village' was the third category. Influenza epidemiological region came from Yu et al.'s categorization of Chinese provinces into three groups: a northern region, an intermediate region and a southern region. 12 Tibet, not included in the analysis in the paper by Yu et al., was categorized as part of 'northern' China, because of its similarity to Qinghai, another province included as part of northern China in the original paper. A sensitivity analysis including Tibet in the other regions did not reveal significantly different results in the multivariable analyses.
For the bivariable analyses, influenza vaccination coverage was stratified by high-risk health condition and estimated across demographic variables, socioeconomic (SES) factors, and healthcare attitudes and behaviours. A two-sided Pearson's x 2 test of independence was used to assess significance of findings for most variables; for the ordinal variables age, education, health checkups, worry about inability to pay medical costs and concern about pandemic influenza strain, a two-sided Cochran-Armitage test was used to evaluate significance of a trend.
The multivariable logistic regression model included highrisk health conditions, healthcare attitudes and behaviours, and confounders (sex, age, education, occupation, urbanicity and influenza epidemiological region). For a sensitivity analysis, a logistic regression model was run without healthcare attitudes and behaviours over concerns that these could mediate the relationship between high-risk health conditions and vaccination. This model did not reveal substantially different coefficient estimates compared with the model presented in this paper. This same model, but stratified by high-risk health condition, is available in the Supplementary data.
All analyses used SAS version 9.3 (SAS Institute, Cary, NC, USA). Weights were used in all analyses to generalize statistics to the entire Chinese adult population. The variance estimation method for the logistic regression models was the Taylor series method to account for the survey design. Significance was assessed at an a level of 0.05, and the precision was assessed with 95% confidence intervals (CI).
All participants gave informed consent prior to the interview. The survey design was reviewed by the ethics committee at Renmin University, Beijing, and secondary analysis of these data was deemed exempt from by the institutional review board at the University of Michigan, because the data were de-identified.
Results
In total, 5370 Chinese adults 18 years of age and older were part of the sample, and 3866 adults participated in this study, resulting in a response rate of 71.99%. Two hundred and seventy-four individuals with missing data in one or more variables were excluded from the analysis, leaving a study population size of 3592. Overall, 8.7% of Chinese adults were found to have a high-risk health condition, and 10.5% were vaccinated The distribution of almost all demographic and SES characteristics, as well as healthcare attitudes and behaviours variables differed between those with and without high-risk health conditions. As shown in Table 2 , females comprised 51.2% of all adults without high-risk health conditions, but 57.8% of adults with any high-risk health condition (P ¼ 0.0011). A larger proportion of adults with high-risk health conditions were 60 years of age (46.1%) than adults without high-risk health conditions (15.9%) (P , 0.0001). Individuals with any high-risk health conditions were more likely to have no formal education (P , 0.0001), to have no current work (P , 0.0001) and to live in a big city (P ¼ 0.0027), compared with those with no high-risk health condition. Individuals with high-risk health conditions were more likely to have regular checkups (18.2 versus 15.5%, P ¼ 0.0233) and more likely to very much worry about inability to pay medical costs (72.8 versus 60.8%, P ¼ 0.0034) than adults with no high-risk health condition. In this bivariate analysis, there was no significant difference between adults with and without high-risk health conditions in their level of concern about pandemic influenza strain (P ¼ 0.3640).
In the multivariable logistic regression model, the association between high-risk health condition and influenza vaccination was not significant (Table 3) . Those with regular health checkups had 2.52 times higher odds of influenza vaccination (95% CI: 1.73, 3.68) and those with at least one health checkup in the past 3 years had 1.65 times higher odds of influenza vaccination (95% CI: 1.17, 2.32) compared with those with no health checkup in the past year. Less worry about medical costs was associated with higher odds of influenza vaccination: compared with adults very worried about medical costs, adults with a little or not much worry about medical costs did not have significantly higher odds of influenza vaccination, but those not at all concerned had almost double the odds of influenza vaccination (95% CI: 1.22, 3.23). Less concern about pandemic influenza strain was associated with lower odds of influenza vaccination: compared with those very concerned about this strain, those with a little concern had 0.54 times the odds (95% CI: 0.41, 0.72) of vaccination, and those not so much concerned (OR: 0.26, 95% CI: 0.17, 0.42) or not at all concerned (OR: 0.28, 95% CI: 0.14, 0.58) had under 0.30 times the odds of influenza vaccination.
Discussion Main findings
We found extremely low coverage of influenza vaccine (10.5%) in this study of adults from all administrative regions in mainland China. Moreover, even though the Chinese CDC recommends that older adults and adults with certain chronic health conditions be specifically targeted for influenza vaccination because of the greater risk for influenza-related complications, we did not find higher influenza vaccination coverage among either the elderly or those with high-risk health conditions in this nationally representative survey of Chinese adults. In fact, the elderly had significantly lower vaccine coverage in our study compared with younger adults. Regular checkups, less worry about ability to pay medical bills and more concern about pandemic influenza were all positively associated with influenza vaccination.
What is already known on this topic?
This paper's estimate of a China-wide influenza vaccination rate was similar to previously reported regional estimates, although our estimate does not distinguish between seasonal and pandemic influenza vaccination. In five provinces surveyed, Zhou et al. found 4.7% of Chinese aged 15-59 and 7.4% of Chinese 60 years of age and older were vaccinated for the 2009 -10 influenza season. 13 In a survey of seven urban and two rural areas in China, 10.7% were vaccinated against pandemic flu.
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The research on the relationship between age and influenza vaccination in China has shown mixed results. In a 2011 study among the general population of Beijing, influenza health literacy was found to be much lower in older adults than in younger adults. 11 Conversely, in a 2011 survey of individuals from five provinces in China, Zhou et al. found that high-risk groups had 1.61 times higher odds of seasonal influenza vaccination coverage compared with lower risk groups. 13 However, several differences between that study and our study may account for the difference in findings. The study by Zhou et al. did not control for as many confounders as we did, they used telephone interviews and had a response rate of only 6%, their multivariable regression includes children whereas ours does not, and their data were derived from a select set of provinces. Collectively, these methodological dissimilarities could explain how a significant difference in vaccination coverage between those with and without high-risk health conditions was found in that study but not our one.
Similar to Zhou et al., we found a geographic patterning of influenza vaccination uptake. 13 We do not have an explanation about inability to pay medical costs and concern about pandemic influenza strain.
for why provinces in China's southern influenza epidemiological region would have lower influenza vaccination coverage than provinces in the northern region, except that this pattern corresponds to higher incidence of disease in the north compared with south. 2 Future research could examine how attitudes and policies regarding influenza and influenza vaccination vary across provinces and how that relates to actual uptake of vaccine.
A study of influenza vaccination in high-risk groups across 11 countries in 2004 -05 found substantial variation in uptake between countries and within countries between high-and lower risk groups. Influenza vaccine uptake in elderly individuals and those with high risk ranged from over 70% in the Netherlands to under 30% in Greece, 15 which is substantially greater than what we found in China. And in most countries, high-risk individuals were found to have higher uptake than lower risk groups; for example, adults 65 years of age were 13.8 times more likely to have been vaccinated than younger adults (95% CI: 10.4 -18.2).
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What this study adds?
According to the Health Belief Model, health-related actions result from individuals' perceived susceptibility to a disease, perceived severity of a disease, perceived benefits of the action to prevent disease, perceived barriers to performing that action and a cue to action. 16 This model has recently been applied to vaccination against pandemic influenza. 17 In the context of this study, concern about pandemic influenza was considered to correspond to the constructs of perceived susceptibility to influenza and severity of influenza, worry about medical costs was considered a perceived barrier to vaccination and regular health checkups were a cue to action. These three factors were all associated with influenza vaccination.
Receiving regular health checkups provides individuals with an opportunity not only to receive a vaccine but also to be educated about vaccination. A survey of elderly Koreans in 2009 and 2010 showed that the odds of influenza vaccination coverage were 3.68 times higher among those who had received a health checkup in the past 2 years compared with those who had not. 18 In a study of adolescents with intellectual disabilities in Taiwan, influenza vaccination was over 10% higher among those who had a general health checkup in the past 3 years compared with those who had not. 19 Many Chinese adults who wanted to receive an influenza vaccination were simply not informed that they could, according to a study of over 10 000 adults in urban and rural areas of China.
14 Repeat contact with a healthcare provider could change patients' attitudes towards influenza by building trust between the healthcare provider and patient and by exposing the patient to greater awareness about influenza and its risks. Lastly, because worry about medical costs was significantly associated with vaccination, more widespread financial subsidy of the vaccine may be necessary to produce greater gains in influenza vaccination coverage, 20 and doctors should familiarize their patients, particularly the elderly and those with high-risk health conditions, with any programmes to administer influenza vaccines for free.
Limitations
This study has several limitations. There is likely to be selection bias, but it is unclear whether the adults who were in the sample but who chose not to participate would be more or less likely to have received a vaccine.
Some locations in China have subsidized influenza vaccination, but this varies at a subprovincial geographic level that we cannot discriminate given limited identifiable information in the dataset. Future studies could look at differences in influenza vaccine uptake between areas with and without government funding of vaccine.
The survey did not distinguish between seasonal and pandemic influenza vaccination. There are likely different motivations for receiving these vaccines. Nonetheless, seasonal and pandemic influenza strains have similar high-risk health conditions and are similarly affected by the healthcare attitudes and behaviours that we assessed, and so the directionality of the associations between our risk factors and influenza vaccination in the regression models is likely valid. In one study of university students in Israel, intention to receive a pandemic influenza vaccination and intention for a seasonal influenza vaccination were similarly distributed across sociodemographic groups. 21 Although the data in our study cannot be used to separately estimate seasonal and pandemic influenza vaccination coverage, we still have an appropriate measurement of population-level immunization against influenza in 1 year. In addition, because 2010 seasonal influenza vaccination cooccurred and followed the 2009 pandemic, the relationship between concern about pandemic influenza strain and vaccine uptake found in this study may not be generalizable to other years.
Influenza vaccination status and the categorization of highrisk health conditions in this study are based on self-report, and there could have been measurement bias, although it is unclear what direction this would take. We had limited information on current chronic health conditions, only encompassing chronic heart disease, chronic respiratory problems and diabetes mellitus. Other known chronic health risk factors for influenza, such as renal, hepatic or haematological conditions, were not asked about in the survey. If individuals with these conditions had high coverage of influenza vaccination, our estimate for high-risk health condition would be attenuated, because we are not able to identify them as a high-risk group. Additionally, as a cross-sectional study, assessment of exposures, mediators and outcome was assessed concurrently. To understand the causal nature of these relationships, a longitudinal study would need to be undertaken.
Conclusions
Influenza vaccination coverage is low in Chinese adults, and so influenza-related morbidity and mortality are likely to not substantially decrease. Moreover, immunization is especially low among those adults at greatest risk for influenza-related morbidity and mortality including the elderly and those with certain high-risk chronic diseases. Healthcare providers should be educated to encourage Chinese adults, especially those with highrisk health conditions, to be vaccinated during regular health checkups, and they should prioritize vaccination of these individuals during vaccine shortages. Since not all healthcare providers have access to vaccines, coordination between vaccine providers and other healthcare providers is required. Financial subsidies for patients may be necessary to produce greater gains in influenza vaccination coverage among those worried about medical costs, and establishing a regular programme of health checkups could increase vaccine uptake.
Supplementary data
Supplementary data are available at the PUBMED online.
